High Speed Database Sequence Comparison  by Bonny, Talal & Soudan, Bassel
 Procedia Computer Science  62 ( 2015 )  73 – 80 
Available online at www.sciencedirect.com
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of The 2015 International Conference on Soft Computing and Software Engineering 
(SCSE 2015)
doi: 10.1016/j.procs.2015.08.413 
ScienceDirect
7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH(QJLQHHULQJ6&6(
+LJKVSHHGGDWDEDVHVHTXHQFHFRPSDULVRQ
7DODO%RQQ\%DVVHO6RXGDQ
Department of Electrical and Computer Engineering, University of Sharjah, Sharjah, UAE 
$EVWUDFW
'DWDEDVH VHTXHQFH FRPSDULVRQ DSSOLFDWLRQV FRPSDUH D TXHU\ VHTXHQFH ZLWK HDFK VHTXHQFH LQ D GDWDEDVH WR ILQG WKH FORVHVW
PDWFK 7KHVH DSSOLFDWLRQV DUH KLJK FRQVXPHUV RI FRPSXWDWLRQ WLPH EHFDXVH WKH\ XVH G\QDPLF SURJUDPPLQJ DOJRULWKPV WR
SHUIRUPWKHODUJHQXPEHURIUHTXLUHGVHTXHQFHFRPSDULVRQV7UDGLWLRQDOPHWKRGVSHUIRUPWKHFRPSDULVRQVRQWKHHQWLUHVHWRI
VHTXHQFHV LQ WKH GDWDEDVH ,Q WKLV ZRUN ZH LQWURGXFH D QRYHO KLJKVSHHG WHFKQLTXH WKDW UHGXFHV WKH QXPEHU RI GDWDEDVH
VHTXHQFHVWRZKLFKWKHWLPHFRQVXPLQJPDWFKLQJDOJRULWKPLVDSSOLHG7KHVHOHFWLRQRIWKHWDUJHWGDWDEDVHVHTXHQFHVLVEDVHGRQ
VLPLODULW\PHDVXUHVWKDWZLOOEHLQWURGXFHGLQWKLVFRQWULEXWLRQDVZHOO8VLQJWKHSURSRVHGWHFKQLTXHDQGWKHSURSRVHGVLPLODULW\
PHDVXUHVZHDUHDEOHWRDFFHOHUDWHWKHGDWDEDVHVHTXHQFHFRPSDULVRQE\FRPSDUHGWRWUDGLWLRQDOH[KDXVWLYHPHWKRGV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRI7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH
(QJLQHHULQJ6&6(
Keywords:'DWDEDVHVHTXHQFHFRPSDULVRQ6HTXHQFH$QDO\VLV1HHGOHPDQ:XQVFK

,QWURGXFWLRQ
'DWDEDVH VHTXHQFH FRPSDULVRQ DSSOLFDWLRQV DUH ZLGHO\ XVHG LQ GLIIHUHQW UHVHDUFK ILHOGV ,Q %LRORJ\  IRU
H[DPSOHUDSLGDQDO\VLVRI'1$DQG3URWHLQVHTXHQFHVDUHSHUIRUPHGWRVHDUFKD ODUJHGDWDEDVHRIVHTXHQFHVIRU


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:WERQQ\#VKDUMDKDFDH
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of The 2015 International Conference on Soft Computing and Software 
Engineering (SCSE 2015)
74   Talal Bonny and Bassel Soudan /  Procedia Computer Science  62 ( 2015 )  73 – 80 
FORVHPDWFKHV WRSDUWLFXODUVHTXHQFHRI LQWHUHVW W\SLFDOO\D UHFHQWO\GLVFRYHUHGSURWHLQ ,I FRUUHODWLRQVDUH IRXQG
QHZGUXJVPD\EHGHYHORSHGRUEHWWHUWHFKQLTXHVLQYHQWHGWRWUHDWWKHGLVHDVH
'DWDEDVH PDWFKLQJ DSSOLFDWLRQV FRQVXPH ODUJH DPRXQWV RI FRPSXWDWLRQ WLPH EHFDXVH WKH\ DUH EDVHG RQ
FRPSDULQJDSDUWLFXODUVHTXHQFHZLWKODUJHGDWDEDVHRIVHTXHQFHV7RSHUIRUPWKLVFRPSDULVRQSURFHVV WKHTXHU\
VHTXHQFHQHHGVWREHFRPSDUHGZLWKHDFKVHTXHQFHLQ WKHGDWDEDVHLQGLYLGXDOO\)RUHDFKSDLUZLVHFRPSDULVRQD
VLPLODULW\ VFRUH 66 H[SODLQHG ODWHU LV FRPSXWHGZKLFK UHIHUV WR WKHPHWULF GLVWDQFH EHWZHHQ WKH WZR FRPSDUHG
VHTXHQFHV VHH )LJ  7KH KLJKHVW VFRUH UHIHUV WR WKH GDWDEDVH VHTXHQFH WKDW LV WKH FORVHVWPDWFK WR WKH TXHU\
VHTXHQFH)LQGLQJWKHPLQLPXPGLVWDQFHKLJKHVWVLPLODULW\VFRUHEHWZHHQWZRVHTXHQFHVLVDFFRPSOLVKHGWKURXJK
G\QDPLF SURJUDPLQJ DOJRULWKPV VXFK DV WKH 1HHGOHPDQ:XQVFK DQG 6PLWK:DWHUPDQ DOJRULWKPV 7KHVH
WHFKQLTXHV SURYLGH RSWLPDO DOLJQPHQW LQ D WLPH WKDW LV SURSRUWLRQDO WR WKH SURGXFW RI WKH OHQJWKV RI WKH WZR
VHTXHQFHVEHLQJFRPSDUHG,IQLVWKHOHQJWKRIWKHTXHU\VHTXHQFHDQGPLVWKHOHQJWKRIWKHGDWDEDVHVHTXHQFH
WKHQWKHSUHYLRXVDOJRULWKPVSURYLGHWKHRSWLPDODOLJQPHQWLQQ[PVWHSV7KHUHIRUHWKHFRPSXWDWLRQWLPHJURZV
OLQHDUO\ZLWKWKHVL]HRIWKHGDWDEDVH
)LJ([KDXVWLYHVHTXHQFHFRPSDULVRQ7KHPDWFKLQJDOJRULWKPLVDSSOLHGWRHDFKGDWDEDVHVHTXHQFHWRFRPSXWHWKHVLPLODULW\VFRUH
6HYHUDOWHFKQLTXHVKDYHEHHQSURSRVHGWRSURFHVVWKHVHODUJHDPRXQWVRIGDWDLQDUHDVRQDEOHWLPH,QUHIHUHQFH
 WKHDXWKRUVSUHVHQWHGD&8'$EDVHG LPSOHPHQWDWLRQRI WKH6PLWK:DWHUPDQ$OJRULWKPXVLQJ*38FDUGV LQD
FRPPRQZRUNVWDWLRQ,QUHIHUHQFH WKHDXWKRUVXVHGWKH*38DQG&38FRRSHUDWLYHO\WR LPSURYHWKHVHTXHQFH
DOLJQPHQWVSHHGE\UXQQLQJORQJVHTXHQFHVRQWKH*38DQGVKRUWRQHVRQWKH&382WKHUPHWKRGVZHUHLQWURGXFHG
EDVHGRQKHXULVWLFVHTXHQFHDOLJQPHQWDOJRULWKPV,QUHIHUHQFHWKHDXWKRUVSUHVHQWHGIDVWDOJRULWKPIRUVHTXHQFH
DOLJQPHQWXVLQJ%ORRPILOWHUV WKDWDUHXVHG LQZHEVHDUFKLQJ7KH\ LPSOHPHQWHG WKHLUDOJRULWKPDQGFRPSDUHG LW
ZLWKWKH1HHGOHPDQ:XQVFKPHWKRG7KH5HVXOWVVKRZHGWKDWWKHDYHUDJHUHVSRQVHWLPHZDVLPSURYHGE\,Q
UHIHUHQFHWKHDXWKRUVSURSRVHGVLPLODULW\PHDVXUHVEHWZHHQWZRZHESDJHVDQGDPHWKRGRIFOXVWHULQJWKHZHE
VHVVLRQVXVLQJDGHYHORSHGIDVWVHTXHQFHFRPSDULQJDOJRULWKP7KHLUPHWKRGDOLJQVWKHVHVVLRQVLQDQDYHUDJHWLPH
JDLQRIRYHUWKHFRQYHQWLRQDOG\QDPLFSURJUDPPLQJ1HHGOHPDQ:XQVFKPHWKRG,QDOOSUHYLRXVZRUNDQG
DSSOLFDWLRQVVLPLODULW\PHDVXUHVDUHXVHG WRPHDVXUHKRZFORVH LVRQHREMHFW WR WKHRWKHU7KHREMHFWPLJKWEHD
GDWDEDVHVHTXHQFHDVWULQJILOHDYLGHRVWUHDPDZHEVLWHSDJHHWF

,Q WKLVZRUNZH SURSRVH QHZ VLPLODULW\PHDVXUHV WKDW DUH EDVHG RQ WKHPDWKHPDWLFDO SDUDPHWHUV IUHTXHQF\
PHDQDQGVWDQGDUGGHYLDWLRQRIWKHFRGHVRIHDFKGDWDEDVHVHTXHQFH8VLQJRXUVLPLODULW\PHDVXUHVZHH[SHFWWR
UHGXFHWKHWLPHUHTXLUHGWRPHDVXUHWKHVLPLODULW\EHWZHHQDSDLURIGDWDEDVHVHTXHQFHV,QDGGLWLRQZHLQWURGXFHD
QRYHOWHFKQLTXHWRILQGWKHPRVWSURPLVLQJVHTXHQFHVLQWKHGDWDEDVH2XUWHFKQLTXHFRPSXWHVWKHVLPLODULW\VFRUHV
IRUDOOGDWDEDVHVHTXHQFHVDQGH[FOXGHVVHTXHQFHV WKDWKDYH ORZVFRUHVIURPWKHGHWDLOHGDOLJQPHQWSURFHVV7KH
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PDWFKLQJDOJRULWKP1HHGOHPDQ:XQVFKRU6PLWK:DWHUPDQQHHGRQO\EHDSSOLHGWRWKHVHTXHQFHVWKDWDUHYHU\
FORVHWRWKHTXHU\VHTXHQFH$QDGGLWLRQDODGYDQWDJHRIRXUWHFKQLTXHLVWKDWLWPD\EHDSSOLHGLQFRQMXQFWLRQZLWK
DQ\RIWKHH[LVWLQJVWDWHRIWKHDUWPHWKRGVWRIXUWKHULPSURYHWKHLUWLPHSHUIRUPDQFH
7KH UHVW RI WKLV ZRUN LV RUJDQL]HG DV IROORZV ZH ILUVW GLVFXVV WKH WUDGLWLRQDO PHWKRGV XVHG LQ VHTXHQFLQJ
DSSOLFDWLRQV LQ VHFWLRQ  WKHQZH SURSRVH DQG GHPRQVWUDWH RXU VLPLODULW\ IXQFWLRQV LQ 6HFWLRQ  7KH SURSRVHG
WHFKQLTXH IRU UHGXFLQJ VHTXHQFLQJ DSSOLFDWLRQV FRPSXWDWLRQ WLPH LV LQWURGXFHG LQ 6HFWLRQ  IROORZHG E\
H[SHULPHQWDOUHVXOWVLQ6HFWLRQ)LQDOO\ZHSUHVHQWFRQFOXGLQJUHPDUNVLQ6HFWLRQ
7UDGLWLRQDO0HWKRGRI6HTXHQFH&RPSDULVRQ
,QRUGHUWRHQVXUHLGHQWLI\LQJWKHFORVHVWPDWFKLQWKHGDWDEDVHDQH[KDXVWLYHFRPSDULVRQSURFHVVEHWZHHQWKH
TXHU\VHTXHQFHDQGHYHU\VHTXHQFHLQWKHGDWDEDVHLVW\SLFDOO\SHUIRUPHGVHHWKHWRSSDUWRI)LJ$VLPLODULW\
VFRUH 66 IRUHDFKGDWDEDVHVHTXHQFH LVFRPSXWHGDVD UHVXOWRI WKHFRPSDULVRQSURFHVV7KHGDWDEDVHVHTXHQFH
ZLWKWKHKLJKHVWVLPLODULW\VFRUHLVWKHFORVHVWPDWFKWRWKHTXHU\VHTXHQFH

7KHFRPSDULVRQEHWZHHQDSDLURIVHTXHQFHVLVSHUIRUPHGV\PEROE\V\PERO$VFRUHLVDVVLJQHGWRWKHUHVXOWRI
HDFK V\PERO FRPSDULVRQ DQG WKH VLPLODULW\ VFRUH LV FRPSXWHG E\ VXPPLQJ DOO RI WKH VFRUHV IRU WKH V\PERO
FRPSDULVRQV,QFDVHRIDV\PEROPLVPDWFKJDSVPD\EHDGGHGWRRQHRUERWKVHTXHQFHVWRDOLJQVXEVHTXHQFHVDQG
EULQJWKHWZRVHTXHQFHVFORVHUWRHDFKRWKHU8VXDOO\DSRVLWLYHVFRUHLVDVVLJQHGWRDV\PEROPDWFKDQGQHJDWLYH
VFRUHV DUH DVVLJQHG WR D V\PERO PLVPDWFK RU WKH LQVHUWLRQ RI D JDS 7KHUHIRUH V\PERO PDWFKHV LQFUHDVH WKH
VLPLODULW\VFRUHDQGJDSLQVHUWLRQDQGV\PEROPLVPDWFKHVGHFUHDVHWKHVLPLODULW\VFRUH7KHVFRUHVDVVLJQHGIRUD
PDWFKDPLVPDWFKDQGDJDSLQVHUWLRQDUHLQSXWSDUDPHWHUVWRWKHVLPLODULW\VFRULQJDOJRULWKP)RUHDFKFRPSDULQJ
SURFHVVEHWZHHQWKHTXHU\DQGWKHGDWDEDVHVHTXHQFHVDVLPLODULW\VFRUH66LVFRPSXWHGDVIROORZLQJ

66 RIPDWFKHVîPDWFKVFRUHRIJDSVîJDSVFRUHRIPLVPDWFKHVîPLVPDWFKVFRUH 

7KHRSWLPDOQXPEHURIPDWFKHVPLVPDWFKHVDQGJDSVDUHFRPSXWHGXVLQJWKH1HHGOHPDQ:XQVFKDOJRULWKPRU
6PLWK:DWHUPDQ DOJRULWKP 7KH WLPH UHTXLUHG WR REWDLQ WKHVH RSWLPDO QXPEHUV IRU DQ\ SDLU RI VHTXHQFHV LV
SURSRUWLRQDOWRWKHSURGXFWRIWKHOHQJWKVRIWKHWZRVHTXHQFHVEHLQJFRPSDUHGLHQ[PVWHSV)RUDQH[KDXVWLYH
GDWDEDVH FRPSDULVRQ WKH VHTXHQFH FRPSDULVRQ SURFHVV QHHGV WR EH UHSHDWHG IRU HYHU\ VHTXHQFH LQ WKH GDWDEDVH
WKHUHIRUHFRPSRXQGLQJWKHFRPSXWDWLRQWLPHUHTXLUHPHQWV
3URSRVHG6HTXHQFH&RPSDULVRQ7HFKQLTXH
$V H[SODLQHG LQ VHFWLRQ  WLPHFRQVXPLQJ G\QDPLF SURJUDPLQJ DOJRULWKPV VXFK DV1HHGOHPDQ:XQVFK DUH
XVHGWRSHUIRUPWKHFRPSDULVRQRIWKHTXHU\VHTXHQFH4WRHDFKGDWDEDVHVHTXHQFH'*LYHQWKDWWKHGDWDEDVHV
RIVHTXHQFHFRPSXWLQJDSSOLFDWLRQVW\SLFDOO\FRQWDLQODUJHQXPEHUVRIVHTXHQFHVWKHFRPSXWDWLRQWLPHVWHQGWREH
H[FHVVLYH2XUSURSRVHGWHFKQLTXHXWLOL]HVVLPLODULW\PHDVXUHVWRFODVVLI\GDWDEDVHVHTXHQFHVLQWHUPVRIKRZFORVH
WKH\DUHWRWKHTXHU\VHTXHQFH6HTXHQFHVWKDWDUHGHHPHGWRRIDUIURPWKHTXHU\DUHH[FOXGHGWKHUHE\UHGXFLQJWKH
QXPEHU RI GDWDEDVH VHTXHQFHV IRU ZKLFK WKH FRPSDULVRQ LV SHUIRUPHG )LJ  VKRZV WKH EORFN GLDJUDP RI WKH
SURSRVHGWHFKQLTXH7KHWHFKQLTXHSDVVHVWKURXJKVHYHUDOVWHSVFRPSXWLQJWKHVLPLODULW\PHDVXUHVFRPSXWLQJWKH
GLIIHUHQFHVFRUHVDQGDSSO\LQJWKHG\QDPLFSURJUDPLQJDOJRULWKP7KHVHWKUHHVWHSVDUHH[SODLQHGLQGHWDLOVLQWKH
QH[WVXEVHFWLRQV
3.1. Step 1: Computing the Similarity Measures 
7KHVLPLODULW\PHDVXUHVDUHQHZLQGLFDWRUVWRVKRZWKHVLPLODULW\EHWZHHQWZRVHTXHQFHV:HSURSRVHVLPLODULW\
PHDVXUHV EDVHG RQ WKH PDWKHPDWLFDO SDUDPHWHUV IUHTXHQF\ PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH FRGHV RI HDFK
VHTXHQFHLQWKHGDWDEDVH

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)UHTXHQF\0HDVXUH,VWKHGLIIHUHQFHLQWKHUHSHWLWLRQIUHTXHQF\RIHDFKFRGHEHWZHHQDSDLURIVHTXHQFHV,I
WKH IUHTXHQF\RI WKH FRGHV LQ D SDLU RI VHTXHQFHV LV VXEVWDQWLDOO\ GLIIHUHQW WKHQ WKLV LV DQ LQGLFDWRU WKDW WKH WZR
VHTXHQFHVZLOOEHVLJQLILFDQWO\GLVVLPLODU

)LJ%ORFNGLDJUDPRIWUDGLWLRQDOH[KDXVWLYHPHWKRGVFRPSDUHGWRWKHSURSRVHGWHFKQLTXH
0HDQ0HDVXUH,VWKHGLIIHUHQFHLQWKHFHQWURLGRIWKHORFDWLRQVRIHDFKFRGHEHWZHHQDSDLURIVHTXHQFHV,IWKH
FHQWUDOWHQGHQF\RIWKHGLIIHUHQWFRGHVLQDSDLURIVHTXHQFHVLVVLPLODUWKHQWKHSRVVLELOLW\RIDFORVHPDWFKEHWZHHQ
WKHWZRVHTXHQFHVLQFUHDVHV7KHFRGHVFHQWUDOWHQGHQF\ZLOOEHUHSUHVHQWHGE\WKHPHDQRIWKHLQVWDQFHORFDWLRQV
IRUHDFKFRGHLQWKHVHTXHQFH

6WDQGDUG'HYLDWLRQ0HDVXUH,VWKHGLIIHUHQFHLQWKHVWDQGDUGGHYLDWLRQRIWKHORFDWLRQVRIHDFKFRGHEHWZHHQD
SDLURIVHTXHQFHV7KHVWDQGDUGGHYLDWLRQZDVFKRVHQDVLWJLYHVDQLQGLFDWLRQRIWKHGLVWULEXWLRQRIHDFKFRGHZLWKLQ
DVHTXHQFH7ZRVHTXHQFHVPLJKWEHVLPLODULIWKHGLVWULEXWLRQLQGLFDWRUVRIHDFKFRGHLQWKHSDLURIVHTXHQFHVDUH
FORVH

,PSOHPHQWLQJWKHVHPHDVXUHVUHTXLUHVVRPHSUHSDUDWRU\ZRUNRQWKHGDWDEDVH$GDWDEDVHLVH[SHFWHGWRFRQWDLQ
DILQLWHVHWRIFRGHVRXWRIZKLFKWKHVHTXHQFHVDUHFUHDWHG(DFKVHJPHQWHQWU\LQWKHGDWDEDVHZLOOEHDXJPHQWHG
ZLWKWKUHHYDOXHVIRUHDFKFRGHWKHIUHTXHQF\RIDSSHDUDQFHIRUWKHFRGHWKHFHQWURLGRIWKHFRGH¶VORFDWLRQVDQG
WKHVWDQGDUGGHYLDWLRQRIWKHFRGH¶VORFDWLRQVZLWKLQWKHSDUWLFXODUVHTXHQFH7RILQGWKHVHYDOXHVHDFKVHTXHQFHLQ
WKHGDWDEDVHLVVFDQQHGVHULDOO\DQGDOOWKHUHTXLUHGYDOXHVIRUDOOWKHFRGHVDUHFDOFXODWHGLQRQHSDVV7KHWLPHLW
WDNHV WRFRPSOHWH WKLVVWHS LVQRWFRQVLGHUHGDVSDUWRI WKHH[HFXWLRQ WLPHIRU WKHGDWDEDVHFRPSDULVRQDOJRULWKP
7KLVVWHSLVDSUHSDUDWRU\VWHSIRUJHWWLQJWKHGDWDEDVHUHDG\IRUWKHLPSOHPHQWDWLRQRIWKHQHZDOJRULWKP,WQHHGVWR
EH FDUULHG RXW RQFH DQG FDQ EH SHUIRUPHG RIIOLQH IRU DQ H[LVWLQJ GDWDEDVH ,W FDQ DOVR EH LQFRUSRUDWHG LQWR WKH
SURFHVVLQJVWHSVZKHQDGGLQJQHZHQWULHVWRWKHGDWDEDVH

:KHQDTXHU\VHTXHQFHQHHGVWREHPDWFKHGWRWKHGDWDEDVHVHTXHQFHVLWVVLPLODULW\PHDVXUHVPXVWEHFRPSXWHG
LQ RUGHU WR SHUIRUP WKH FRPSDULVRQ 7KH WLPH LW WDNHV WR FDOFXODWH WKHPHDVXUHV IRU WKH TXHU\ VHTXHQFHZLOO EH
FRQVLGHUHGLQWKHH[HFXWLRQWLPHRIWKHFRPSDULVRQDOJRULWKP6LQFHWKHWLPHLWWDNHVWRFRXQWFDOFXODWHWKHPHDQ
DQGFDOFXODWHWKHVWDQGDUGGHYLDWLRQDUHDOOOLQHDUZLWKUHVSHFWWRWKHQXPEHURIYDOXHVWKLVRSHUDWLRQLVH[SHFWHGWR
UHTXLUHRQZKHUHQLVWKHOHQJWKRIWKHVHTXHQFH
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3.2. Step 2: Computing the Difference Score  
7KHVHFRQGVWHSLQWKHSURSRVHGWHFKQLTXHLVWRFRPSXWHWKHGLIIHUHQFHVFRUH'6EHWZHHQWKHTXHU\VHTXHQFH
DQGHDFKRIWKHGDWDEDVHVHTXHQFHV7KHGLIIHUHQFHVFRUHLVWKHGLIIHUHQFHEHWZHHQWKHVLPLODULW\PHDVXUHVIRUDSDLU
RIVHTXHQFHV)RUH[DPSOHZKHQWKHVLPLODULW\PHDVXUH³0HDQ´LVXVHGLQRXUWHFKQLTXHDVLQGLFDWRUIRUVLPLODULW\
WKHQ WKHGLIIHUHQFHVFRUHZLOOEH WKHGLIIHUHQFHEHWZHHQ WKHPHDQRI WKHTXHU\VHTXHQFHµ4¶DQG WKHPHDQRI WKH
GDWDEDVHVHTXHQFHµ'¶7KHPHDQGLIIHUHQFHVFRUH0'6ZLOOEHWKHVXPRIWKHDEVROXWHYDOXHVRIWKHGLIIHUHQFHV
EHWZHHQWKHWZRVHTXHQFHVIRUHDFKFRGHW\SHDVVKRZQLQHTXDWLRQEHORZ

MDS   _0HDQBFRGHB4±0HDQBFRGHB'__0HDQBFRGHB4±0HDQBFRGHB'_
 _0HDQBFRGHB4±0HDQBFRGHB'__0HDQBFRGHBQ4±0HDQBFRGHBQ'_ 
 
:KHUH³0HDQFRGH 4´LVWKHPHDQRIFRGHLQWKHTXHU\VHTXHQFH³0HDQFRGH'´LVWKHPHDQRIFRGHLQ
WKHGDWDEDVHVHTXHQFHHWF
3.3. C. Step 3: Applying the Dynamic Programing Algorithm  
7KH ODVW VWHS LQ WKH SURSRVHG WHFKQLTXH LV WR DSSO\ WKH G\QDPLF SURJUDPLQJ DOJRULWKP RQO\ RQ WKH GDWDEDVH
VHTXHQFHV WKDW KDYH ORZ GLIIHUHQFH VFRUHV H[SHFWHG WR EH VXEVWDQWLDOO\ VLPLODU 7R VHOHFW WKHVH VHTXHQFHV WKH
GDWDEDVHVHTXHQFHVQHHGWREHVRUWHGDFFRUGLQJWRWKHLUGLIIHUHQFHVFRUH'6LQDVFHQGLQJRUGHUIURPVPDOOHVWWR
WKHKLJKHVWVFRUHV6HTXHQFHVWKDWKDYHORZGLIIHUHQFHVFRUHVFORVHVWWRWKHTXHU\VHTXHQFHZLOOEHORFDWHGDWWKH
WRSRIWKHGDWDEDVHDQGWKHPDWFKLQJDOJRULWKPQHHGVWREHDSSOLHGRQO\RQWKHVHVHTXHQFHV7KLVZLOOSURGXFHWKH
RSWLPDOUHVXOWVLQUHDVRQDEOHWLPHDVWKHWLPHFRQVXPLQJDOJRULWKPLVDSSOLHGRQO\RQSDUWRIWKHGDWDEDVH
([SHULPHQWDOUHVXOWV
,QWKLVVHFWLRQZHSUHVHQWWKHH[SHULPHQWDOUHVXOWVRIWKHSURSRVHGWHFKQLTXH7RHYDOXDWHRXUWHFKQLTXH'1$
VHTXHQFHVIURPWKH'1$'DWD%DQNRI-DSDQGGEMGDWDEDVHDUHXVHG2QHKXQGUHGVHTXHQFHVRI%&7DQG&21
GLYLVLRQVDUHVHOHFWHGDVWKHFDVHVWXG\(DFKVHTXHQFHKDVDOHQJWKRIQXFOHRWLGHV7KHDFFHVVLRQQXPEHUVRI
WKH VHOHFWHG VHTXHQFHV DUH SUHVHQWHG LQ )LJ  $V WKH WHVW GDWDEDVH KDV  VHTXHQFHV  FDVHV DUH WHVWHG
FRQVLGHULQJ D GLIIHUHQW TXHU\ VHTXHQFH IRU HDFK FDVH :H LWHUDWHG WKURXJK HDFK RI WKH VHTXHQFHV VHOHFWLQJ D
VHTXHQFHDVWKHWHVWFDVHDQGWKHUHPDLQLQJVHTXHQFHVDVWKHGDWDEDVH

)LJ7KHDFFHVVLRQQXPEHUVRIRXUHYDOXDWLRQGDWDEDVHZKLFKFRQVLVWVRIVHTXHQFHVHDFKRIFRGHVQXFOHRWLGHVOHQJWK
:H FRPSDUH WKH SURSRVHG WHFKQLTXH ZLWK WUDGLWLRQDO H[KDXVWLYH PHWKRGV WKDW XWLOL]H WKH 1HHGOHPDQ:XQVFK
$OJRULWKPWKHPRVWZLGHO\XVHGSURJUDPIRURSWLPDOVHTXHQFHDOLJQPHQW7KHVFRUHVIRUDPDWFKDPLVPDWFKD
JDSRSHQDQGDJDSH[WHQGDUHVHOHFWHGWREHUHVSHFWLYHO\

:HZLOOGHILQHD7KUHVKROGSDUDPHWHUWRPHDVXUHWKHHIIHFWLYHQHVVRIWKHSURSRVHGWHFKQLTXH7KHWKUHVKROGLV
GHILQHG DV WKH QXPEHU RI VRUWHG VHTXHQFHV EHWZHHQ WKH VHTXHQFH WKDW KDV WKH ORZHVW GLIIHUHQFH VFRUH '6 DV
VHT VHT VHT VHT VHT VHT VHT VHT VHT VHT
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FDOFXODWHGE\RXUSURSRVHGDOJRULWKPDQGWKHRSWLPDOVHTXHQFHWKHRQHWKDWKDVWKHKLJKHVWVLPLODULW\VFRUH66
DVFDOFXODWHGE\WKH1HHGOHPDQ:XQVFK$OJRULWKP7KHWKUHVKROGVKRZVWKHQXPEHURIVHTXHQFHVWRZKLFKWKH
PDWFKLQJDOJRULWKPQHHGVWREHDSSOLHGDVDUHVXOWRIWKHSURSRVHGDOJRULWKPEHIRUHWKHRSWLPDOFORVHVWPDWFKLV
IRXQG ,W LQGLFDWHV WKH VDYLQJV SURGXFHG E\ WKH SURSRVHG DOJRULWKP DV FRPSDUHG WR H[KDXVWLYH DOJRULWKPV WKDW
UHTXLUHWKHH[DPLQDWLRQRIHYHU\VHTXHQFHLQWKHGDWDEDVH
)LJ7KHWKUHVKROGZKHQWKHVLPLODULW\PHDVXUHµ)UHTXHQF\¶LVXVHG
7KHZRUVWFDVHPD[LPXPWKUHVKROGLV
)LJ7KHWKUHVKROGZKHQWKHVLPLODULW\PHDVXUHµ0HDQ¶LVXVHG7KH
ZRUVWFDVHPD[LPXPWKUHVKROGLV
)LJXUHVDQGVKRZWKHUHVXOWVIRUFDVHVZKHQRXUVLPLODULW\PHDVXUHV)UHTXHQF\0HDQDQG6WDQGDUG
'HYLDWLRQ 67' DUH XVHG UHVSHFWLYHO\ ,Q WKHVH ILJXUHV HDFK RI WKH  FDVHV ZDV WHVWHG WR ILQG WKH KLJKHVW
VLPLODULW\ VFRUH DQG WKH ORZHVW GLIIHUHQFH VFRUH IRU HDFK FDVH RQH FDVH IRU HDFK GLIIHUHQW TXHU\ DQG WKHQ WKH
WKUHVKROGZHUHFRPSXWHG7KHWKUHVKROGGLIIHUVIURPRQHFDVHWRDQRWKHURQHEDVHGRQWKHTXHU\VHTXHQFH,Q)LJXUH
ZKHUH RQO\ WKH )UHTXHQF\ VLPLODULW\PHDVXUHZDV XVHG WKH ODUJHVW WKUHVKROG DPRQJ DOO WKH WHVW FDVHV LV µ¶
ZKLFKDSSHDUV LQ WHVWFDVHQXPEHU7KLV LV WKHZRUVWFDVHZKHUH1HHGOHPDQ:XQVFK$OJRULWKPQHHGV WREH
DSSOLHG WRVHTXHQFHVEHIRUH WKHRSWLPDOVHTXHQFH LVHQFRXQWHUHG,Q WKLV ILJXUHZHQRWLFH WKDW WKHUHDUHPDQ\
FDVHV LQ ZKLFK WKH WKUHVKROG LV  LH WKH RSWLPDO VHTXHQFH ZDV H[DFWO\ WKH RQH WKDW WKH SURSRVHG DOJRULWKP
LGHQWLILHGDVKDYLQJWKHPLQLPXPIUHTXHQF\GLIIHUHQFHVFRUH)'6:KHQWKH³0HDQ´VLPLODULW\PHDVXUHLVXVHG
)LJXUHWKHZRUVWFDVHWKUHVKROGLVWHVWFDVHQXPEHU7KLVLQGLFDWHVWKDWXVLQJWKH0HDQDORQHWRPHDVXUH
VLPLODULW\GRHVQRWSURGXFHJUHDWVDYLQJV:KHQWKH6WDQGDUG'HYLDWLRQVLPLODULW\PHDVXUHLVXVHG)LJXUH WKH
ZRUVWFDVH WKUHVKROGEHFRPHVWHVWFDVHQXPEHU7KLV LQGLFDWHV WKDWXVLQJ WKH6WDQGDUG'HYLDWLRQDORQH WR
PHDVXUHWKHVLPLODULW\SURGXFHGHYHQOHVVVDYLQJV

)URP WKH SUHYLRXV UHVXOWV ZH QRWLFH WKDW XVLQJ DQ\ VLPLODULW\PHDVXUH DORQH ZLWKRXW FRPELQDWLRQ GRHV QRW
SURGXFHJRRGUHVXOWV7KLVLVEHFDXVHHDFKPHDVXUHFRQFHQWUDWHVRQDVLQJOHIHDWXUHRIWKHGLVWULEXWLRQDQGGRHVQRW
DFFRXQWIRUWKHRWKHUVLJQLILFDQWIHDWXUHV7KH)UHTXHQF\GLIIHUHQFHVFRUH)'6ZLOOQRWSURGXFHJRRGUHVXOWVLIWKH
WZRVHTXHQFHVKDYHWKHVDPHRUFORVHFRGHIUHTXHQFLHVEXWWKHFRGHVGLVWULEXWLRQVDUHVLJQLILFDQWO\GLIIHUHQWZLWKLQ
WKH WZRVHTXHQFHV7KHPHDQGLIIHUHQFHVFRUH 0'6DQG WKH VWDQGDUGGHYLDWLRQGLIIHUHQFHVFRUH 6'6ZLOOQRW
SURGXFHJRRG UHVXOWV LI WKH WZRVHTXHQFHVKDYH WKH VDPH RU FORVHPHDQRU VWDQGDUGGHYLDWLRQPHDVXUHVEXW WKH
FRGHIUHTXHQFLHVIRUHDFKVHTXHQFHDUHGLIIHUHQW:KHQZHFRPELQHDOOWKUHHVLPLODULW\VFRUHV)'60'66'6
)LJXUH  WKHPD[LPXP WKUHVKROG ZRUVW FDVH DPRQJ DOO RWKHU FDVHV EHFRPHV µ¶ZKLFK DSSHDUV LQ WKH FDVH
QXPEHU

7KHFRPELQDWLRQVLPLODULW\PHDVXUHµ)UHTXHQF\0HDQ67'¶SURGXFHVUHVXOWVDSSUHFLDEO\EHWWHUWKDQWKHEHVW
SHUIRUPLQJ VROHPHDVXUH )UHTXHQF\ )LJXUH  VKRZV WKH LPSURYHPHQW LQ WKUHVKROG IRU HDFK WHVW FDVHZKHQ WKH
FRPELQDWLRQ LV XVHG DV FRPSDUHG WR )UHTXHQF\ DORQH ,Q WKLV ILJXUH  FDVHV DUH LPSURYHG 7KH PD[LPXP
LPSURYHPHQWLVµ¶ZKLFKDSSHDUVLQWKHFDVHQXPEHU7KHUHDUHFDVHVZKHUHWKHWKUHVKROGLV¶¶XVLQJWKH
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µ)UHTXHQF\¶VLPLODULW\PHDVXUHDQGWKH\UHPDLQXQDIIHFWHGZKHQWKHFRPELQDWLRQVLPLODULW\PHDVXUHLVXVHG7KH
UHPDLQLQJFDVHVDUHRQO\PRGHUDWHO\QHJDWLYHO\DIIHFWHGZRUVWFDVHGHWHULRUDWLRQRISRVLWLRQVRQO\

)LJ7KHWKUHVKROGZKHQWKHVLPLODULW\PHDVXUHµ6WDQGDUG
'HYLDWLRQ¶LVXVHG7KHZRUVWFDVHLV )LJ7KHWKUHVKROGZKHQWKHVLPLODULW\PHDVXUHµ)UHTXHQF\0HDQ6WDQGDUG'HYLDWLRQ¶LVXVHG7KHZRUVWFDVHLV
)LJ,PSURYHPHQWLQWKHWKUHVKROGZKHQWKHFRPELQHGVLPLODULW\
PHDVXUHµ)UHTXHQF\0HDQ6WDQGDUG'HYLDWLRQ¶LVXVHGFDVHV
DUHLPSURYHG
)LJ([HFXWLRQWLPHFRPSDULVRQEHWZHHQH[KDXVWLYHPHWKRGDQG
SURSRVHGWHFKQLTXH
7KHVH UHVXOWV LQGLFDWH WKDW LI WKH SURSRVHG VLPLODULW\ PHDVXUHV DQG VHOHFWLRQ DOJRULWKP DUH HPSOR\HG WKH
RSWLPDOO\PDWFKLQJVHTXHQFHFDQEHERXQGWRZLWKLQDNQRZQVLJQLILFDQWO\UHGXFHGRIWKHGDWDEDVH7KHUHIRUH
LQRUGHUWRLGHQWLI\WKHFORVHVWPDWFKLQJGDWDEDVHVHTXHQFHLWZRXOGEHVXIILFLHQWWRDSSO\WKHPDWFKLQJDOJRULWKPV
RQO\WRWKLVLQVWHDGRIH[KDXVWLYHO\PDWFKLQJWKURXJKRXWWKHHQWLUHGDWDEDVHDVGRQHE\WUDGLWLRQDOPHWKRGV

)LJ  VKRZV D FRPSDULVRQ EHWZHHQ WKH H[HFXWLRQ WLPH RI WUDGLWLRQDO H[KDXVWLYH PHWKRGV DQG WKH SURSRVHG
WHFKQLTXH,QWKLVILJXUHWKH[D[LVVKRZVWKHWHVWFDVHVQRWDOOFDVHVDUHVKRZQIRUFODULW\SXUSRVH7KH\D[LV
VKRZV WKH UHTXLUHGH[HFXWLRQ WLPH)RUHDFKFDVH WKHEDURQ WKH OHIW VKRZV WKHH[HFXWLRQ WLPH IRUDSSO\LQJ1:
DOJRULWKPH[KDXVWLYHO\RQWKHHQWLUHGDWDEDVHZKLOHWKHEDURQWKHULJKWVKRZVWKHH[HFXWLRQWLPHIRUWKHSURSRVHG
WHFKQLTXH WKDW DSSOLHV1: DOJRULWKP RQO\ RQ WKH VHOHFWHG  RI WKH GDWDEDVH VHTXHQFHV 7KH ODVW SDLU RI EDUV
VKRZVWKHDYHUDJHH[HFXWLRQWLPHIRUWKHWZRWHFKQLTXHVRQDOOFDVHV
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PHDVXUHV 7KH SURSRVHG WHFKQLTXH FRPSXWHV D GLIIHUHQFH VFRUH EHWZHHQ WKH TXHU\ VHTXHQFH DQG HDFK GDWDEDVH
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